The spindle segregates chromosomes in cell division and it has long been discussed whether it is microtubules alone that build this fundamental molecular machine. Recent work in mouse oocytes now shows that actin filaments co-assemble with microtubules to promote faithful chromosome segregation.
The accurate replication and equal segregation of genetic information between daughter cells are the most fundamental processes of life underlying proliferation and growth. In metazoans, chromosome segregation errors during somatic cell divisions are associated with diseases including cancer. In the germ line, faithful transmission of genetic information is absolutely essential, as chromosome segregation errors lead to unviable or severely malformed progeny, therefore directly affecting reproductive success.
Chromosome segregation is carried out by the spindle, a molecular machine built primarily of microtubules. A massive body of evidence in a multitude of model systems, in particular in Xenopus egg extracts, leaves little doubt that microtubules alone are able to assemble the bipolar spindle structure [1] . More recently, in vitro reconstitution of key functional modules of the spindle revealed in detail how microtubules are nucleated and how they grow and attach to kinetochores on chromosomes [2, 3] . By now, we also understand quite well how the specialized kinetochoreattached bundles of microtubules, the K-fibers, pull chromatids apart: these fibers shorten by depolymerization, while overlapping spindle microtubules push to separate spindle poles [4] .
A key question is whether these microtubule-driven mechanisms alone are sufficient to ensure faithful segregation of chromosomes in vivo, considering the diversity of cell shapes, sizes and functions in multicellular organisms. For example, oocytes are among the largest animal cells, storing nutrients to support early embryonic development. Their exceptional size and geometry require adaptation of spindle assembly mechanisms [5, 6] . In order to reset centrosome number at fertilization, oocytes also eliminate their centrosomes, and a lack of centrosomes has been shown to slow spindle assembly and increase the likelihood of segregation errors [7] . Do known mechanisms of microtubule spindle assembly suffice to faithfully segregate chromosomes even in these specialized divisions?
In a recent publication in Science, Mogessie and Schuh [8] report that, in mouse oocytes, so-called 'spindle actin' -actin filaments interleaved with spindle microtubules -plays a major role in ensuring faithful chromosome segregation. During the first meiotic division these authors observed a gradual increase in spindle actin until it became most prominent in anaphase, the stage when chromosomes segregate, suggestive of an involvement in this process. Indeed, inhibition of spindle actin either by drug-mediated depolymerization of actin filaments or by genetic deletion of the actin nucleator Fmn-2 led to an increased incidence of lagging chromosomes -individual chromosomes that are delayed and spatially separated from the two major chromosome clusters moving to the opposite spindle poles ( hallmarks of segregation errors in cancer and are thought to be the primary cause of monosomies and trisomies, such as Down syndrome.
The authors reported that this spindle actin persists through the second meiotic division (meiosis II). Acute actin inhibition in meiosis II resulted in delayed chromosome congression and a spindle with severely misaligned chromosomes in metaphase II. Nevertheless, these oocytes progressed into anaphase, resulting in massive segregation errors in meiosis II. Thus, spindle actin is required for chromosome segregation in meiosis I and II, as well as for the assembly of the meiosis II spindle, proper chromosome alignment, and maintenance of the metaphase plate in meiosis II.
How does spindle actin support chromosome alignment and segregation? The meiotic spindle is acentrosomal, therefore it lacks astral microtubules, and is composed of K-fibers and interpolar, non-kinetochore microtubules that form the body of the spindle. K-fibers are more stable, thus are selectively retained after a short cold treatment that is sufficient to depolymerize non-kinetochore microtubules. Using this assay, Mogessie and Schuh [8] found that the microtubulekinetochore attachments that did form were mostly correct, suggesting that actin is not involved in formation of microtubule-kinetochore attachments per se. However, the formation of K-fibers was impaired upon inhibition of spindle actin, as evidenced by the strongly reduced tubulin intensity of K-fibers. This phenotype was rescued by overexpression of CLASP1, a protein known to stabilize and bundle microtubules. By contrast, when spindle actin was selectively enriched by overexpressing an engineered fusion of microtubule-binding and actin-stabilizing domains, thick microtubule bundles and clustered K-fibers formed. Importantly, while both of these experiments resulted in stronger K-fibers, segregation fidelity did not improve and instead chromosome alignment defects and segregation errors were observed. This highlights the importance of the fine balance between the stability and dynamics of microtubule-kinetochore attachments, which are required for firm attachment yet at the same time still need to allow for error correction.
One key remaining question is: how does spindle actin promote K-fiber growth and stabilization? Interesting hypotheses may be derived from research on neuronal growth cones, where the interplay between actin and microtubules is well established. Here, an indirect mechanism has been suggested, whereby microtubule growth and bundling may be promoted through compression of an 'actomyosin cage' under tension [9] . Another possibility is a direct molecular interaction between the two cytoskeletal systems. Indeed, although this is still a rather understudied area of research, it is very clear that a large number of conserved molecules and complexes exist that interlink and coregulate actin and microtubules (suggesting co-evolution of these cellular force-generating systems). For example, a microtubule-binding myosin, myosin X, is required for anchoring the spindle, and an actin-bundling kinesin is required for meiotic cytokinesis in Xenopus oocytes [10, 11] . In addition, several formins that nucleate actin filaments also bind microtubules, and microtubule regulators such as XMAP215, IQGAP and APC all have been shown to bind actin filaments directly or indirectly. One of the most striking demonstrations of a direct interplay between actin and microtubules was provided by the in vitro reconstitution of the EB1-CLIP-170-mDia complex, which was found to regulate microtubule plus tip growth and actin assembly at the same time [12] . Similar co-regulation at the minus end of microtubules has also been reported [13] . Together, spindle actin in oocytes serves as another good justification to focus efforts on studying the molecular coordination and co-regulation of the actin and microtubule cytoskeletons.
A second important question is about the generality of this mechanism. Mogessie and Schuh [8] could visualize spindle actin in oocytes of multiple mammalian species, and in our own research we have observed very similar structures in oocytes from the evolutionarily distal starfish (Figure 2 ). This suggests that spindle actin is likely to be broadly conserved across animal species to support oocyte meiosis. Indeed, it appears that actin took on a number of meiosis-specific functions to support these specialized divisions [14] . Could spindle actin be present and Dispatches function in somatic divisions, too? In fact, a scaffold that supports and stabilizes spindle structure, referred to as the 'spindle matrix' has been under debate since the 1960s [15] . To date, a range of molecular mechanisms has been proposed to give rise to the presumed spindle matrix, including general mechanisms that locally concentrate spindle components by exclusion of other organelles or by phase separation [16, 17] , as well as specific molecules building an actual scaffold. These proposed scaffold components include lamin B [18] , poly-ADP-ribose (PARP) [19] , as well as a set of specific proteins in Drosophila [15] , all of which stabilize the microtubule spindle structure by different means. Intriguingly, actin filaments have also been proposed as potential spindle matrix components specifically involved in chromosome movements in grasshopper spermatocytes and other systems [20] . Thus, the question for the future is whether spindle actin is generally present in all cells and in meiotic and mitotic divisions to support spindle assembly, or whether diverse mechanisms evolved for this function depending upon the species and cell type.
Bacterial contractile injection systems are fascinating particles that use a spring-like mechanism to inject an effector-loaded needle into target cells. A recent study shows that the intracellular bacterium Amoebophilus asiaticus uses arrays of contractile structures to escape from the amoeba phagosome.
To compete effectively for access to nutrients, bacteria have developed an arsenal of weapons that target other microbial cells. These include: contactdependent growth inhibition (CDI) systems, which are deployed at the cell surface and act as grenades that are pinned out and thrown inside the target bacterial competitor [1] ; bacteriocins, which are released into the extracellular milieu and act as mines [2] ; and Type VI secretion systems (T6SS), which resemble spear guns that use a springlike mechanism to inject effectors into the target [3] . The T6SS is part of a larger family of so called contractile injection systems (CIS) that include prototypical bacteriophages such as T4 and Mu [4] ,
